Introduction
============

Soft tissue sarcoma (STS) is a malignant tumor derived from mesenchymal tissues. The worldwide prevalence rate of STS is as high as 1.8--5.0/100,000 every year, and it accounts for only 1% in malignant tumors of adults, but as high as 10% in children\'s tumors. Currently, more than 50 kinds of STS subtypes have been definitely diagnosed clinically ([@b1-ol-0-0-10145],[@b2-ol-0-0-10145]). There are approximately 11,000 new cases of STS each year in the United States ([@b3-ol-0-0-10145]), but as many as 2.0/100,000 new cases each year in China ([@b4-ol-0-0-10145]). In all STS, pleomorphic sarcoma, also known as malignant fibrous histiotoma in clinic, has the highest incidence rate, accounting for 25--35%, followed by liposarcoma (25%), and the incidence rates of malignant schwannoma and leiomyosarcoma are relatively lower. The incidence rate of STS in males is higher than that in females, and it mainly occurs in the age group of 30--50 years and in any part of the body, mainly the trunk, head and neck, and limbs ([@b5-ol-0-0-10145]). STS has not only complex typing, but also high heterogeneous degree. Moreover, the growth of STS is characterized by destruction and infiltration, and its prognosis is poor and postoperative recurrence occurs easily because of its strong invasion ([@b6-ol-0-0-10145]).

p16 protein, a kind of tumor suppressor protein, can bind to cyclin-dependent kinase 4 (CDK4), and its function of preventing the normal cell cycle is exerted by inhibiting pRB protein phosphorylation and blocking CDK4 complex formation ([@b7-ol-0-0-10145]). nm23 gene is a key gene involved in the invasion of malignant tumors, and was isolated by Steeg *et al* ([@b8-ol-0-0-10145]) in the complementary deoxyribonucleic acid (cDNA) library with mouse melanoma K-1735 cell lines as the research objects. Studies have shown that the nm23 gene plays inhibitory and regulatory roles in the outcome of cancer cells, significantly inhibiting the proliferation and invasion of tumor cells ([@b9-ol-0-0-10145]). In addition, abnormal changes in the nm23 gene widely exist in malignant tumors, which are closely related to cancer cell invasion ([@b10-ol-0-0-10145]).

The occurrence and development of osteosarcoma is a process of gradual evolution, which eventually develops into a highly invasive tumor. The existence of periodic dysfunction and changes in the expression of invasion-associated genes are worthy of full study. Therefore, we selected to study the expression of p16 and nm23-H1 and its relationship with the pathogenesis and prognosis of soft tissue sarcoma. In order to investigate the expression levels of p16 and nm23-H1 in STS and the correlations of their expression levels with the incidence and prognosis of STS, messenger ribonucleic acid (mRNA) and protein expression levels of p16 and nm23-H1 in STS tissues were detected via reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and immunohistochemical method, respectively, in this study, and the relationship between the expression levels of p16 and nm23-H1 was analyzed.

Patients and methods
====================

### Materials

Frozen and paraffin specimens of tumor tissues and corresponding para-carcinoma normal tissues were collected from 64 STS patients treated in the General Hospital of Chinese People\'s Liberation Army (Beijing, China), from January 2007 to January 2012. Patients were aged 11--72 years, including 35 males and 29 females, all of them were pathologically diagnosed with STS, and they had complete clinical data and received surgical treatment in the hospital.

This study was reviewed and approved by the Clinical Ethics Committee of General Hospital of Chinese People\'s Liberation Army, and all patients or their families signed an informed consent.

TRIzol RNA extraction kit (Takara, Dalian, China), primer synthesis, RT kits and quantitative SYBR-Green PCR kits (Ambion; Thermo Fisher Scientific, Inc., Waltham, MA, USA), primary rabbit anti-human p16 and nm23-H1 antibodies (1:100; cat. nos. 10883-1-AP and 11086-2-AP, respectively; Proteintech Group, Inc., Wuhan, China), immunohistochemical staining kit SP-9001 (Beijing Zhongshan Goldenbridge Biotechnology Co., Ltd., Beijing, China).

### RT-qPCR

Approximately 50 mg tumor tissues and para-carcinoma normal tissues cryopreserved in liquid nitrogen were used, and the total RNA was extracted from specimens using the TRIzol kit. Qualified RNA specimens \[absorbance (A)~260~/A~280~ ratio of 1.8--2.0\] were selected for reverse transcription to obtain cDNA. PCR was carried out with cDNA as a template according to the manufacturer\'s instructions. The specific reaction conditions were as follows: pre-denaturation at 94°C for 4 min, denaturation at 94°C for 1 min, annealing at 50°C for 50 sec, extension at 72°C for 1 min, amplification for 35 cycles, and extension for 10 min. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was used as a control, the primer sequences are shown in [Table I](#tI-ol-0-0-10145){ref-type="table"}, and the experimental results were analyzed using the 2^−∆Cq^ method ([@b11-ol-0-0-10145]).

### Immunohistochemistry

Streptavidin peroxidase (SP) method was used in immunohistochemical assay in accordance with instructions of the SP-9001 kit. The tissue was fixed with 40% formaldehyde at 20°C for 12 h. The paraffin sections were dewaxed and inactivated with 3% H~2~O~2~, followed by antigen retrieval via microwave twice (750 W, 95°C, once every 5 min). A total of 5 µl sections was prepared and blocked with 5% milk at 20°C for 1 h. Then it was incubated with the primary antibody (dilution, 1:100) at 4°C overnight. After sections were rinsed with tris-buffered saline with Tween-20 (TBST) 3 times, biotin-labeled secondary polyclonal antibody (cat. no. SA00004-11; Proteintech Group, Inc.) was added dropwise for incubation for 30 min, and sections were rinsed again with TBST. Then the color was developed via diaminobenzidine (DAB) in the dark, and the development time was controlled, followed by re-staining using hematoxylin and sealing with gum.

Five fields of vision were randomly selected, and cells were graded and scored according to the percentage of positive cells and the staining intensity. No staining, light yellow, brown yellow and dark brown were denoted as 0, 1, 2 and 3 points, respectively. The number of positive cells \<5%, 5--25%, 26--50% and \>50% were denoted as 0, 1, 2 and 3 points, respectively. The two scores were added up, and the final score ≥3 points indicated positive expression, while \<3 points indicated negative expression.

### Correlation analysis

According to the expression levels of p16 and nm23-H1 in STS tissues, 64 STS patients were divided into the p16-positive group, the p16-negative group, the nm23-H1-positive group and the nm23-H1-negative group. Spearman\'s correlation analysis was used to study the correlation between p16 and nm23-H1 mRNA expression and protein expression and the relationship between expression levels of p16 and nm23-H1 in STS tissues. Patients were followed up once a month from the first day after operation for a total of 5 years. Moreover, correlations of p16 and nm23-H1 expression levels with pathological parameters and prognosis of patients were analyzed combined with clinical and follow-up data.

### Statistical analysis

Statistical Product and Service Solutions (SPSS) 17.0 (SPSS, Inc., Chicago, IL, USA) software was used for data processing. Measurement data were presented as mean ± standard deviation, and t-test was used for the intergroup comparison. Chi-square test was used for the intergroup comparison of enumeration data, and Spearman\'s test was used for correlation analysis. Kaplan-Meier survival curves was used for survival curve analysis of STS patients with log rank test. P≤0.05 was considered to indicate a statistically significant difference.

Results
=======

### p16 and nm23-H1 mRNA expression levels in tissue specimens

The results of RT-qPCR showed that p16 and nm23-H1 mRNA expression levels in tumor tissues of STS patients were significantly decreased compared with those in para-carcinoma normal tissues, and differences were statistically significant (P\<0.01) ([Fig. 1](#f1-ol-0-0-10145){ref-type="fig"}).

### p16 and nm23-H1 protein expression levels in STS tissues

Results of immunohistochemical detection showed that the positive immunohistochemical staining of p16 and nm23-H1 was dark brown, and p16 staining was mainly located in the nucleus and cytoplasm. nm23-H1 staining was mainly located in the cytoplasm ([Fig. 2](#f2-ol-0-0-10145){ref-type="fig"}). Immunohistochemical scores showed that the positive expression rate of p16 in STS tissues was 43.75% (28/64), which was significantly lower than that in para-carcinoma normal tissues (85.93%, 55/64). The positive expression rate of nm23-H1 in STS tissues was 39.06% (25/64), which was also significantly lower than that in para-carcinoma normal tissues (89.06%, 57/64). Differences were statistically significant (P\<0.01).

### Correlation between p16 and nm23-H1 mRNA expression and protein expression

Correlation between the expression of p16 and nm23-H1 mRNA and the expression of protein was analyzed by Spearman\'s test. The results showed that the expression of p16 and nm23-H1 mRNA was positively correlated with the expression of protein (p16: r=0.92, P\<0.01; nm23-H1: r=0.95, P\<0.01).

### Correlation between p16 and nm23-H1 protein expression levels in STS tissues

Among the 64 cases of STS tissues, p16 and nm23-H1 proteins were positive in 20 cases, p16 and nm23-H1 proteins were negative in 31 cases, p16 protein was positive and nm23-H1 protein was negative in 8 cases, p16 protein was negative and nm23-H1 protein was positive in 5 cases. Results of Spearman\'s correlation analyses showed that there was a positive correlation between the expression levels of p16 and nm23-H1 proteins (correlation coefficient r=0.722), and the correlation had statistical significance (P\<0.01) ([Table II](#tII-ol-0-0-10145){ref-type="table"}).

### Correlation of p16 and nm23-H1 expression levels with pathological parameters of STS patients

Analysis results of the relationship of pathological parameters of STS patients with p16 and nm23-H1 expression levels are shown in [Table III](#tIII-ol-0-0-10145){ref-type="table"}. Chi-square test showed that the negative expression of p16 was correlated with tumor size, metastasis and staging in patients (P\<0.01), but had no correlation with sex and age of patients (P\>0.05). Besides, the negative expression of nm23-H1 was correlated with tumor metastasis and staging in patients (P\<0.01), but had no correlations with sex, age and tumor size (P\>0.05).

### Correlation of p16 and nm23-H1 protein expression levels with survival of STS patients

Results of the 5-year follow-up revealed that of the 64 patients, 35 cases survived and 29 cases had died, and the overall 5-year survival rate was 54.68%. Kaplan-Meier survival curves was used for survival curve analysis of STS patients with log rank test. Patients with negative protein expression levels of p16 and nm23-H1 had poorer survival. Univariate survival analyses showed that both p16 and nm23-H1 could significantly affect the overall survival rate of STS patients (P\<0.05; [Fig. 3](#f3-ol-0-0-10145){ref-type="fig"}).

Discussion
==========

Soft tissue sarcoma (STS), as a kind of malignant tumor derived from mesoderm, has higher heterogeneity and many different subtypes ([@b12-ol-0-0-10145]). Although its incidence rate is not high, STS has higher recurrence and metastasis rates. Clinical statistics have shown that the overall 3-year and 5-year survival rates of STS patients were 77 and 75%, the recurrence rates were 28 and 37%, and the metastasis rates were 35 and 43%, respectively ([@b13-ol-0-0-10145]). Studies have shown that the positive margin is the most important factor affecting the recurrence and metastasis of STS ([@b14-ol-0-0-10145],[@b15-ol-0-0-10145]).

P16 gene, a CDK inhibitor, encodes the p16 protein that could specifically bind to CDK4 or CDK6 and competitively affect the binding of cyclin D, thereby inhibiting the activity of CDK4 and CDK6, leading to cell cycle arrest, and inhibiting tumor cell growth ([@b16-ol-0-0-10145],[@b17-ol-0-0-10145]). Studies have proven that there are gene deletion, mutation, methylation and other abnormalities in p16 in a variety of tumor cell lines and solid tumors, so it is speculated that p16 gene plays a key role in tumor formation and development processes ([@b18-ol-0-0-10145]).

Nm23 gene is located on human chromosome 17q22, which encodes a protein containing 152 amino acids and having a high homology to the amino acid sequence of nucleoside diphosphate kinase (NDPK) ([@b19-ol-0-0-10145],[@b20-ol-0-0-10145]). Therefore, it is speculated that nm23 gene may exert a similar effect to NDPK, and that it can play an important role in regulating cell signal transduction and cell differentiation. There are 2 subtypes of human nm23 gene, namely nm23-H1 and nm23-H12, the former of which plays an important role in inhibiting tumor metastasis ([@b21-ol-0-0-10145]). It was found that nm23-H1 can inhibit the metastasis of a variety of malignant tumors, and its expression level is negatively correlated with tumor invasion and metastasis. Moreover, tumor patients with high nm23-H1 expression have better prognosis ([@b8-ol-0-0-10145]).

In order to further investigate the expression levels of p16 and nm23-H1 in tumor tissues of STS patients and their influence on the pathological parameters and prognosis of STS patients, RT-qPCR and immunohistochemical assay were performed in this study. Detection results showed that the expression levels of p16 and nm23-H1 in tumor tissues of STS patients were significantly lower than those in para-carcinoma normal tissues (P\<0.01). Results of immunohistochemical assay showed that the positive expression rates of p16 and nm23-H1 in tumor tissues of STS patients (43.75 and 39.06%, respectively) were significantly lower than those in para-carcinoma normal tissues (85.93 and 89.06%, respectively). The results of Spearman\'s test showed that the expression of p16 and nm23-H1 mRNA was positively correlated with the expression of protein. p16 is a CDK4 inhibitor protein, and some scholars have proposed that nm23 may regulate the function of p53 gene at CDK level. Correlation analyses in this study showed that there was a significantly positive correlation between the expression levels of p16 and nm23-H1, indicating that p16 and nm23 genes may have a close correlation in STS, and its specific molecular process and mechanism need to be studied more profoundly. Along with clinicopathological parameters and the survival statistical analysis of patients, it was found that the negative expression of p16 was correlated with tumor size, metastasis and staging in patients, but had no correlation with the sex and age of patients. Besides, the negative expression of nm23-H1 was correlated with tumor metastasis and staging in patients, but had no correlation with sex, age and tumor size in patients. The 64 STS patients were followed up for 5 years, and results showed that the overall 5-year survival rate of patients was 54.68%, and patients with positive expression levels of p16 and nm23-H1 had a better prognosis. Moreover, univariate survival analyses showed that both p16 and nm23-H1 could affect the overall survival rate of STS patients.

In conclusion, the expression of p16 and nm23-H1 is low in STS, and their expression levels are closely related to the pathological parameters and prognosis of STS patients, so they can serve as reference indexes for prognosis estimation of STS.
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###### 

RT-qPCR primer sequences.

  Genes     Primer sequences
  --------- -------------------------------
  p16       F: 5′-GAAGAAAGAGGAGGGGCTG-3′
            R: 5′-GCGCTACCTGATTCCAATTC-3′
  nm23-H1   F: 5′-GTGAAAAGCAATGTGGT-3′
            R: 5′-TTGCCATGGTCTGGGAG-3′
  GAPDH     F: 5′-ATGGCACCGTCAAGGCTGAG-3′
            R: 5′-GCAGTGATGGCATGGACTGT-3′

F, forward; R, reverse; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

###### 

Correlation between p16 and nm23-H1 protein expression levels in STS tissues.

             nm23-H1                 
  ---------- --------- ----- ------- --------
  Positive   20          8   0.722   \<0.01
  Negative     5       31            

###### 

Correlation of abnormal expression levels of p16 and nm23-H1 with pathological parameters of STS patients.

                          p16 (n=36)    nm23-H1 (n=39)                                 
  ------------------ ---- ------------- ---------------- -------- ------------- ------ --------
  Sex                                   0.12             \>0.05                 0.74   \>0.05
    Male             35   19 (54.29)                              23 (65.71)           
    Female           29   17 (58.62)                              16 (55.17)           
  Age (years)                           0.70             \>0.05                 0.19   \>0.05
    ≥60              26   13 (50.00)                              15 (57.69)           
    \<60             38   23 (60.52)                              24 (63.16)           
  Tumor size (cm)                       9.80             \<0.01                 0.42   \>0.05
    ≥5               39   28 (71.79)                              25 (64.10)           
    \<5              25     8 (32.00)                             14 (56.00)           
  Tumor metastasis                      7.52             \<0.01                 9.12   \<0.01
    Yes              33   25 (75.76)                              26 (78.79)           
    No               31   12 (38.71)                              13 (41.94)           
  Clinical staging                      8.13             \<0.01                 8.50   \<0.01
    I                22     7 (31.82)                               8 (36.36)          
    II--III          42   29 (69.05)                              31 (73.81)           
